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Scrub typhus is an acute febrile disease characterized by high fever, headache, and rash; these symptoms are caused by the intracellular gram-negative bacteria Orientia tsutsugamushi. It is a major febrile disease in Korea, Japan, China, Thailand, etc. The reservoir of O tsutsugamushi is wild rats, and chiggers are the vector. Bacterial infection happens when chiggers bearing O tsutsugamushi bite human beings and aspirate human tissue fluid. Eschars are formed on the sites bitten by the chiggers; fever, maculopapular rash, muscle ache, headache, anorexia, lymph node enlargement, and other signs and symptoms appear at the time of the formation of eschar. The presence of eschar has been reported to be an important finding for the diagnosis of rickettsialpox or scrub typhus. 1 Scrub typhus can be diagnosed by isolating O tsutsugamushi from the blood of patients during the febrile period or by the confirmation of an elevated antibody titer against O tsutsugamushi during the acute phase or the recovery period. 2 However, to isolate O tsutsugamushi from cultured cells or infected rats is feasible only in institutions that are equipped for biosafety level 3, and it takes a minimum of several weeks to culture O tsutsugamushi. 3, 4 For serologic testing, it may take from several days to several weeks for the antibody titer to become elevated after the onset of symptoms of scrub typhus. Hence, in many cases, the diagnosis made by indirect immunofluorescence antibody assay (IFA) requires follow-up tests for achieving an accurate, definite diagnosis. However, convalescent-phase serum samples are not available in many cases, so making an accurate diagnosis can be difficult.
Rickettsialpox has been diagnosed by using paraffinembedded skin biopsy specimens, and the usefulness of immunohistochemical staining using an anti-Rickettsia rickettsii antibody has been reported. 5, 6 For suspected Rocky Mountain spotted fever cases, immunohistochemical staining of formaldehydefixed tissues has been reported to be useful as a sensitive, definite diagnostic method. 7 Nevertheless, until now, the usefulness of immunohistochemical staining paraffin-embedded tissue for the diagnosis of scrub typhus has not been reported. To assess the clinical usefulness of immunohistochemical staining as a diagnostic method, we conducted a comparison study of IFA and immunohistochemical staining on possible cases of scrub typhus.
Materials and Methods

Selection of the Patient Group
During the study period from September 1, 2005, to August 31, 2006, among patients who visited Chosun University Hospital, Gwangju, Korea, for acute febrile disease that started within the previous month, we selected patients older than 18 years who were suspected to have scrub typhus based on eschars or maculopapular skin rash, or the diagnosis was based on the determination of the clinicians in the Department of Infectious Diseases. We obtained written consent from all patients or their guardians. For patients participating in the study, the presence or absence of a maculopapular skin rash and eschars was determined; in the cases in which skin rash and eschars were confirmed, if the patient consented, skin biopsy specimens from the eschars or maculopapular lesions were obtained using a 3-mm punch. The definition of confirmed scrub typhus was that the IgM titer to O tsutsugamushi was increased to more than 1:80 by IFA or that the IFA titer in a case increased more than 4 times within 4 weeks after admission. 8 Tests for other diseases similar to scrub typhus such as murine typhus, leptospirosis, hemorrhagic fever with renal syndrome, and systemic lupus erythematosus were performed on patients participating in the study. This study was approved by the Chosun University Hospital Ethics in Human Research Committee.
Immunohistochemical Staining
All cases studied were tested with ICR mouse polyclonal anti-O tsutsugamushi antibody (dilution, 1:200) against the O tsutsugamushi Boryong strain. Immunolocalization was performed using a streptavidin-biotin immunoperoxidase method, according to the supplier's protocol (LSAB kit, DAKO, Carpinteria, CA).
Briefly, 4-µm-thick sections that were obtained after formalin fixation and paraffin embedding were deparaffinized in xylene and then rehydrated with distilled water through graded concentrations of ethanol. The sections were then placed in a glass jar with 10 mmol/L of citrate buffer (pH 6.0), irradiated in a microwave oven for 15 minutes, and allowed to cool in the jar at room temperature for 20 minutes. The slides were next rinsed with Tris-buffered saline (TBS). Blocking reagent was added for 10 minutes after quenching the endogenous peroxidase activity in 0.3% hydrogen peroxide for 10 minutes. The slides were then washed as before and subsequently subjected to the primary antibody reaction. Primary antibody was applied in a moist chamber overnight at 4°C. After washing with TBS, a biotinylated link antibody was applied to the slides for 10 minutes; this step was followed by applying streptavidin peroxidase for an additional 10 minutes. After washing out the excess complex, the localization of antibody was visualized by incubating the sections for 15 minutes with diaminobenzidine (Santa Cruz Biotechnology, Santa Cruz, CA), and counterstaining was done with Mayer hematoxylin. An isotype-matched control antibody was also used. The positive control for O tsutsugamushi was a serologically proven skin tissue sample. Instead of the primary antibody, TBS was used for the negative control. Proven cases of other inflammatory skin lesions such as erythema nodosum and varicella zoster were also stained.
Analysis and Interpretation of Staining
Staining for O tsutsugamushi was determined to be positive when intracytoplasmic or extracellular discrete coccobacilli and aggregates of fragmented, granular, or coalesced rickettsial antigen were stained brown under an optical microscope (BX 50, Olympus, Tokyo, Japan) at ×400 magnification.
Immunofluorescent Antibody Assay
IgM and IgG antibodies to the standard O tsutsugamushi antigen in patients' serum samples were determined by the method described by Robinson et al 9 with some modifications (Gilliam, Karp, Kato, and Boryong strains). 2, 8 Briefly, the serum was diluted with phosphate-buffered saline (PBS) to 1:32, and a 2-fold serial dilution solution was applied onto slides on which the Orientia antigen was seeded. Four dots of the reference strains of O tsutsugamushi, such as the Gilliam, Karp, Kato, and Boryong strains, were spotted on each well of the slides. Serum samples that were known to be positive or negative were used as internal quality control samples. Experimental slides were incubated in a humidified chamber at 37°C for 30 minutes and subsequently washed with PBS and distilled water. Fluorescent-conjugated goat antihuman IgM and IgG diluted with PBS to 1:300 were applied to each slide; after incubation, they were washed as described for immunohistochemical staining. The slides were air dried with FA mounting solution (Bacto, Liverpool, Australia) and examined under an immunofluorescent microscope (Axioskop 2, Carl Zeiss, Gottingen, Germany) at ×400 magnification. Excitation (460-490 nm) and barrier (520-nm interference filter) filters were used. The highest titers of the 4 strains, ie, Gilliam, Karp, Kato, and Boryong, obtained by IFA were used.
Results
Characteristics of Subjects
Among the patients who visited the hospital for acute febrile diseases that developed within 1 month before their visit, there were 125 patients with lesions suspected to be eschars or maculopapular skin rashes, or patients were suspected to have scrub typhus based on the determination of clinicians. Among the 125 patients, 63 gave permission to perform skin biopsy tests. Of the 63 patients who underwent the skin biopsy test, 25 (40%) were men and 38 (60%) were women. Their mean age was 59 years (range, 22-89 years). For 44 of the patients, the titer of O tsutsugamushi-specific IgM was higher than 1:80 or the antibody value during the acute phase and recovery phase was elevated more than 4 times, and so they were definitively diagnosed as having scrub typhus. For 14 patients, the antibody during the acute and recovery phases was confirmed to be negative, and so they were definitively diagnosed as having other diseases. The diagnosis for 5 patients was undetermined because there was failure to show a 4-fold or greater rise in titer owing to follow-up loss. The demographic data for the patients are shown in Table 1 .
Immunohistochemical Staining as a Diagnostic Method for Scrub Typhus
Among 63 patients who underwent skin biopsy, 4 patients were treated with antibiotics that were active against O tsutsugamushi before their visit to our hospital, and 59 patients were treated with antibiotics after their visit to our hospital: 46 patients underwent skin biopsy before the administration of antibiotics, and 13 underwent skin biopsy after the administration of antibiotics Figure 1 . Considering the effect of antibiotics on immunohistochemical results, the results for the 46 patients who underwent histologic testing before the administration of antibiotics were compared with their IFA results. Diseases other than scrub typhus were diagnosed by IFA testing and by the judgment of clinicians in 13 cases. In 30 of 33 suspected scrub typhus cases, the diagnosis of scrub typhus was confirmed because the titer of O tsutsugamushispecific IgM was higher than 1:80 or the antibody titer during the recovery phase was elevated more than 4 times. Three cases could not be definitely diagnosed as scrub typhus because the patients were lost to follow-up.
Among the 30 definitively diagnosed cases, 18 patients underwent skin biopsy on maculopapular lesions: 1 sample was inadequate. Among the 17 adequate samples, 11 (65%) had positive findings in immunohistochemical staining. On the other hand, among the 13 patients definitely diagnosed as having a disease other than scrub typhus, 8 underwent skin biopsy on maculopapular lesions. Immunohistochemical staining was performed on the maculopapular skin lesions of 8 patients, and a negative result was obtained for all samples. For 2 of 3 cases that could not be definitely diagnosed because patients were lost to follow-up, skin biopsy was performed on a maculopapular lesion; positive immunohistochemical findings were confirmed in both cases.
Regarding the results of skin biopsy of eschars, eschar skin biopsy was performed on 27 of 30 definitively diagnosed cases; among them, 5 samples were inadequate samples and contained only necrotic debris. In the immunohistochemical tests performed in 22 cases, positive findings were detected for all 22 (100%). Among 13 patients diagnosed as having a disease other than scrub typhus, eschar-like lesions were detected in 5 (ecthyma gangrenosum, 2 patients; chickenpox, metastatic Staphylococcus aureus infection, and fluid injection sites of meningitis, 1 patient each); immunohistochemical staining was performed using the eschar-like lesions obtained from the 5 patients. The sample from 1 patient was inadequate, and a negative result was obtained for the remaining 4 patients. Skin biopsy on the eschars was performed for 3 patients who could not be definitely diagnosed owing to follow-up loss: Positive immunohistochemical findings of the eschars were detected for all 3 patients.
Compared with IFA, the "gold standard" for the definitive diagnosis of scrub typhus, in regard to the sensitivity and specificity of immunohistochemical staining of biopsy specimens performed before the administration of antibiotics in the case of macropapular lesions, the sensitivity was 65% and specificity was 100%. The sensitivity and specificity of immunohistochemical testing of eschars were both 100% For 4 patients admitted to our hospital after treatment with doxycycline for 2 to 5 days, skin biopsy was performed on the eschar and papules of 1 patient, and biopsy was performed on only eschar in 3 patients. Positive immunohistochemical findings were detected for the eschars and papules of these 4 patients. Among the 13 patients who underwent skin biopsy after treatment with antibiotics at our hospital, 1 patient was confirmed to have erythema nodosum. The test results of the remaining 12 patients with scrub typhus are summarized in Among the 63 enrolled patients, irrespective of antibiotics administration, 44 patients were confirmed to have scrub typhus by IFA testing; among them, eschars were detected in 43 patients. Histologic tests on eschar were performed for 40 patients, and 7 samples were deemed inadequate. Concerning the immunohistochemical tests performed on eschar samples from 33 patients, histologic testing was done in 32 cases within 4 days after the administration of antibiotics, and the positive immunohistochemical findings for the eschar samples could be confirmed. Nevertheless, in 1 patient, Orientia antigens could not be detected by the immunohistochemical test performed 13 days after the administration of antibiotics.
Histologic Findings
On H&E staining, the typical eschar showed confluent epidermal necrosis with dermal vascular dilatation and perivascular inflammation. The ulcerated lesions showed heavy infiltration of neutrophils in and around the small blood vessels, and there were frequent thrombosed vessels in the ulcer base. The common pattern of inflammation showed a superficial and deep perivascular mononuclear cell infiltrate. Lobular or septal panniculitis that consisted mainly of mononuclear cell infiltration was frequently identified Image 1. Most of the uppermost part of the eschar lesions consisted of nonviable acellular denatured components. The papular lesions showed a wide range of inflammatory changes that consisted of various degrees of papillary dermal edema and a sparse or heavy infiltration of perivascular mononuclear cells in the superficial and mid-dermis Image 2. None of the lesions showed epidermal necrosis or leukocytoclastic vasculitis.
According to the immunohistochemical findings, positive staining for Orientia antigens was most apparent within and associated with the vascular endothelium of capillaries, arterioles, venules, and veins. We observed intracytoplasmic positive staining of the lining epithelia of the sweat ducts and glands in the mid and deep dermis. Orientia antigens and discrete coccobacilli were primarily located within the cytoplasm of the infected endothelial cells, and these were also identified within the macrophages around the blood vessels (Images 1 and 2). Aggregates of fragmented, granular, or coalesced Orientia antigens were also demonstrated in some interstitial areas. Orientia were identified more frequently in the areas of the more inflamed lesions, and eschar that consisted of nonviable tissue usually failed to demonstrate positive staining. Generally, immunohistochemically positive staining was much more apparent for eschar lesions than for maculopapular lesions.
Discussion
In scrub typhus, an eschar approximately 5 to 20 mm in diameter is formed at the site bitten by trombiculid mites, and this may be considered the most important clinical finding for the diagnosis of scrub typhus. The site bitten by chiggers is initially a papule followed by a blistered ulcer, and this is then covered with a black crust; the border of the eschar is surrounded by reddish erythema. Such a typical eschar is formed at the time when symptoms are manifested. 10 In the past, the clinical diagnosis of scrub typhus was dependent on detecting eschar and rash and on the history of outdoor activity. [10] [11] [12] Nevertheless, under actual clinical conditions, only eschar without rash may be seen in some cases. As was shown in our previous case report, for febrile patients showing a lesion similar to eschar, distinguishing whether such an eschar-like lesion is actually a simple crust or eschar is required. 13 Furthermore, eschars are also detected in rickettsialpox, cutaneous anthrax, and other diseases, and travel and other population migrations are currently often occurring. Scrub typhus has been reported in Western countries, 14, 15 and it is difficult to definitely diagnose scrub typhus only by the assessment of eschar-like lesions in many cases, so more accurate diagnostic evaluation may be required. The advantages of the immunohistochemical test method using skin tissue samples are that it requires the patient to visit the hospital only once and the result can be obtained within a few days. For other rickettsioses such as rickettsialpox and Rocky Mountain spotted fever, the diagnostic usefulness of immunohistochemical staining has been reported, and immunohistochemical staining can be applied as the definitive diagnostic method. 16 Nevertheless, the clinical usefulness of immunohistochemical staining for scrub typhus has not been reported, so we conducted this study. The responsiveness of scrub typhus to antibiotics is relatively good, and it has been reported that within 48 hours after the administration of antibiotics that are effective on Rickettsia, such as doxycycline and azithromycin, fever was controlled in most patients. 17 Therefore, to minimize the effect of antibiotics on immunohistochemical results, we excluded 4 patients who were treated with antibiotics before hospitalization and 13 patients who underwent skin biopsy after treatment with antibiotics and papule tissue samples in 49 patients; among these patients, 21 had an IgM titer lower than 1:80 at the time of visit. Of the 49 patients, 21 (43%) required follow-up observation for definitive diagnosis; the IgG titer was also lower than 1:128 for 10 of 21 patients. However, we confirmed that an accurate diagnosis could be made by a single immunohistochemical test performed at the time of the first hospital visit. Both papule and eschar can be used as diagnostic samples. The eschar formed on the site of the mite bite is the site where O tsutsugamushi is proliferating; hence, the eschar is theoretically the site where the inoculum size is quite large. The sensitivity of immunohistochemical staining on eschar samples was 100%, so it was confirmed that eschar could be applied as a more sensitive diagnostic sample for immunohistochemical testing than a maculopapular lesion.
For immunohistochemical testing performed on eschar or a maculopapular lesion within 3 or 4 days of administration of antibiotics that are effective for Rickettsia, the antibiotics did not greatly influence diagnostic sensitivity. Yet for 1 patient, Orientia antigens could not be detected by immunohistochemical testing performed on the 13th day after the administration of antibiotics. The number of cases in which we performed immunohistochemical staining after the administration of antibiotics was small; hence, additional studies are required concerning the usefulness of immunohistochemical staining performed after the administration of antibiotics.
The H&E histologic finding in scrub typhus is vasculitis. Dilation of the capillary blood vessels and infiltration of in our hospital, and the immunohistochemical results were compared with IFA results. The sensitivity and specificity of immunohistochemical testing performed on maculopapular lesions were 65% and 100%, respectively, and the sensitivity and specificity were both 100% for immunohistochemical staining performed on eschar.
Among the 63 enrolled patients irrespective of the administration of antibiotics, 44 were confirmed to have scrub typhus via the IFA test; for 25 of these patients, immunohistochemical staining was performed on papules. Among the 25 patients, 1 sample was inadequate. Among the remaining 24 patients, 16 (67%) had positive immunohistochemical findings and 8 (33%) negative immunohistochemical findings. In other words, 33% results were false-negative. Nevertheless, the impact of prior administration of antibiotics or the period from the onset of symptoms to the time of performing skin biopsy did not result in any statistically significant difference (P > .05) in immunohistochemical positivity.
Among the 63 cases in which we performed histologic testing, 14 were confirmed to be a disease other than scrub typhus. Because 5 patients were lost to follow-up, scrub typhus could not be definitively diagnosed by IFA (IgM titer lower than 1:80 or increase of IgG titer of >4 times could not be proven), and eschars were found in all 5 patients. For 3 of these 5 patients, positive immunohistochemical findings on the papules and eschars were confirmed, and a positive finding on eschars was confirmed for the other 2 patients. Scrub typhus was confirmed by immunohistochemical testing on the eschar Orientia coccobacilli with immunohistochemical testing. For immunohistochemical testing, more abundant Orientia coccobacilli were generally detected in the eschars than in the skin maculopapular lesions, and Orientia antigen was assessed primarily in the perivascular inflammatory infiltration in the deep and superficial dermis. Therefore, immunohistochemical staining of a skin biopsy specimen using eschar during the acute phase could diagnose scrub typhus within a few days after a single visit and could be considered a sensitive monocytes to the vicinity of capillary blood vessels can be detected. The histologic findings in eschar are the infiltration of monocytes to the vicinity of blood vessels together with coagulation necrosis, and such findings are known to be characteristic of scrub typhus. Yet such findings can also be detected in other eschar-like lesions (Image 1), and so such findings cannot be diagnostic for scrub typhus. We found that eschar is not always a pathognomonic finding of scrub typhus. Scrub typhus should be definitively diagnosed by assessing and specific definitive diagnostic method. The sensitivity and specificity are not influenced by short-term administration of antibiotics.
